I. INTRODUCTION
In Egypt, the root-knot nematodes Meloidogyne spp. are serious pathogens on many plant crops, and thus of major economic importance [17] , [18] . Grape Vitis vinifera L. is one of the most important economic fruit crop grown in Egypt [16] , [23] . This crop was reported to be susceptible to several plant-parasitic nematodes, of which Meloidogyne occupied the most prominent [17] , [23] . Temperature is an important environmental factor for different organisms for normal activities, high and low temperature limits they tolerate [9] , [13] , [14] . Application of hot water treatment alone or combined with nematicides is an effective technique for controlling different plant pathogens including root-knot nematodes attacking grapevine and other different plants [10] , [11] , Manuscript received September 20, 2012 ; revised December 29, 2012 . [15] , [26] , [27] . Some traditional ways of nematode management strategies, such as solarization, crop rotation, and fallow, may be useful alternatives to chemical nematicides [3] , [6] , [32] . Solarization is the heating of soil beneath transparent polyethylene mulch by solar energy to temperatures detrimental to soil-borne pests and pathogens [8] , [20] . Solarization controls nematodes by the heat from solar energy. It requires information on the response of nematodes to high temperatures [9] , [19] . The efficacy of this specific use of solarization for the control of soil-borne pathogens, particularly plant-parasitic nematodes, requires testing because disinfestations may be incomplete in deep layers of soil, or where the piles of soil are in shadow [4] . [18] .
The aim of this study was: (i) to identify the root-knot nematode species prevail in grapevine fields at Alexandria and El-Behera governorates. (ii) to evaluate the effectiveness of immersing root-knot infected grapevine seedlings in only hot water or combined with three different nematicides. (iii) to study the effects of soil solarization alone or followed by the application of three nematicides for controlling M. incognita infested soil cultivated with grapevine seedlings.
II. MATERIALS AND METHODS

A. Survey Study
A total of 194 rhizosphere grapevine soil and root samples were collected from the cultivated grapevine fields, at a depth of 35-45 cm, from different localities of two Egyptian governorates; Alexandria (87) and ElBehera (107) during the growing seasons 2010 and 2011. Root samples were collected by carefully lifting the plants with a shovel. All samples were kept in polyethylene bags, labeled and transferred directly to the laboratory for nematode extraction and identification. Adult females of root-knot nematodes were isolated from infected galled roots and identified to the species level by preparing and examining the perineal patterns of the isolated adult females [5] . The frequency of occurrence (FO) was also calculated for each root-knot nematode species. ® L 24% at the dose of 10 ml/l was applied three weeks after grapevine transplanting only for Vydate L 24% applications [7] .
B. Nematicides Preparation
Furadan ® 10G, 2,3-dihydro-2,2-dimethylbenzofuran- 7-yl
C. Grape Seedlings Collection
Grapevine, Vitis vinifera L. seedlings of Thompson seedless healthy or infected with M. incognita were collected from vineyards located at 104 km, CairoAlexandria Desert Road, El-Behera governorate, for using in pot and field experiments. Seedlings were 25-30 cm length and 0.85-1.0 cm diameter.
D. Pot experiment 1) Effects of immersing grape seedlings naturally infected with M. incognita in only hot water or combined with three nematicides:
Forty grapevine seedlings cv. Thompson naturally infected with M. incognita, with an average of 10-12 nematode galls and egg masses/seedling, were used in this pot experiment, one seedling/pot. Eight treatments of five pots each were conducted in this experiment. Twenty seedlings were immersed for 10 minutes at room temperature (23+1°C) in each of tap water, Furadan 10G (10g\l), Rugby 60% (4 ml/l) and Vydate L 24% (10 ml/l) using a water bath, with a water capacity of 11.0 liter (Precision Scientific General Purpose Water Bath), filled with the previously mentioned solutions. The other twenty seedlings were also immersed for 10 minutes in the same solutions but at 52 °C.
Treated seedlings with the previous solutions for the required time thereafter dried in open air for fifteen minutes. All seedlings treated or untreated were planted as one seedling/pot in 45 cm diam pots filled with sandy clay soil (2:1, v:v) with a capacity of approximately 1000-cm 3 soil. Pots were arranged in a randomized complete block designed in a greenhouse with daily mean temperatures between 23-25 °C. Pots were irrigated daily and fertilized every three weeks with 2 g/l of a complete soluble fertilizer. The experiments were terminated 45 days after transplanting. Numbers of nematode root galls and egg-masses/plant were determined.
E. Field Experiment 1) Suppressive effect of soil solarization alone or followed by any of the three tested nematicides on grapevine seedlings cultivated in naturally M. incognita infested soil:
Two field studies, in the successive seasons 2010 and 2011, were conducted to evaluate the suppressive effect of solarization alone or followed by the three tested nematicides; Furadan 10 G, Rugby 60% and Vydate L 24% on grapevine seedlings cultivated in naturally M. incognita infested soil. Experiments were conducted in the farm of Faculty of Agriculture, Alexandria University, Egypt. Soil was naturally infested with the root-knot nematode, M. incognita with an average of 1050 J 2 and eggs/kg soil. Field was divided into rows, each of 0.6 m wide and 2.5 m long, with 50-cm distance between rows. Solarization started at the 1 st of June to the day 15 th (2 weeks). All rows were irrigated to full water holding capacity prior to solarization and covered with a transparent, 25-μm thick, UV-stabilized, low-density polyethylene mulch (ISO Poly Films, Inc., Gray Court, SC). Healthy grapevine seedlings of cv. Thompson, 25-30 cm in length were cultivated in the naturally infested field plots. After two weeks of solarization, grapevie seedlings were transplanted (five seedlings/row). The distance between seedlings was 50-cm. Two days later, chemical treatments were applied at the rate of 5 and 10g of Furadan ® 10G/seedling, 2 and 4 ml of Rugby 60%/seedling and 5 and 10 ml of Vydate L 24%/seedling. Rows received only solar heat (solarized) without chemical applications and shaded rows with floor mats, which didn't received neither solar energy nor chemical applications served as check treatments.
Nematodes were extracted from a 250 cm 3 soil sample by a modified sieving and centrifugal flotation method [31] .
Data were recorded 60 days after final treatments. Dry weight of shoot and root systems, number of nematode root galls and egg-masses/seedling were determined. Numbers of J 2 /250 cm 3 soils were determined and reproduction factor (Rf) was calculated.
F. Statistical analysis
Data obtained were statistically analyzed according to SAS software program [29] . Numbers of nematode root galls, egg-masses were recorded. Number of eggs and J 2 /250cc soil were transformed to before statistical analysis. Moreover, means were compared with revised LSD test at 5% level of probability. 
A. Survey Study
Data presented in Table I 
1) Effects of immersing grapevine seedlings cv. Thompson naturally infected with M. incognita in hot water alone or in combination with different nematicides:
Immersed grapevine seedlings in hot water combined with Furadan 10G, Rugby 60% and Vydate L 24% each alone showed great reduction (82.4-93.3%) in number of nematode root galls and egg masses/seedling. Grapevine seedlings immersed in the previous nematicides alone caused a reduction ranged 70.5-77.8%. Meanwhile, treatment with hot water alone resulted in considerable reduction (63-63.2%) in number of nematode root galls and egg masses/seedling compared with untreated seedlings (Table II) .
2) Suppressive effect of soil solarization alone or followed by different nematicide applications on the reproduction of M. incognita infected grapevine seedlings:
The present data of soil solarization alone showed considerable reductions (33.9-34.4%) in the 1 st season and great reductions (79.5-79.8%) in 2 nd season in number of nematode root galls and egg-masses/seedling compared to the check treatment "shaded rows" (Table  III) . However, results indicated that soil solarization followed by high dose of any of the tested nematicides resulted in significant reductions in M. incognita reproduction on infected grapevine plants more than soil solarization either alone or followed by any low dose of the same nematicides throughout the two successive seasons 2010 and 2011.
Applications with the higher dose of Furadan ® 10G, Rugby 60% or Vydate L 24% after soil solarization in the 1 st and repeated experiment in the 2 nd seasons showed (67.4-74.4%) and (94.3-95.9%) reductions in number of nematode root galls and egg-masses/seedling, respectively (Table III) . Similarly, results showed that number of J 2 recovered from the soil and the nematode reproduction factor (Rf) were reduced with soil solarization followed by any of nematicide applications (Table IV) . Numbers of J 2 /250 cm 3 were significantly reduced with soil solarization followed by nematicide applications to be 45-75.7 reduction % in the 1 st season and raised to be 89.5-96.9% in the 2 nd season. Rf values were reduced as a result of solarization followed by nematicide applications to reach 0. 25- Table V showed significant increase in grapevine growth parameters. Soil solarized followed by any of nematicide applications resulted in significant increases in dry weights of shoot and root systems (45.9-74.6%) and (59.6-89.9) in the 1 st and 2 nd seasons, respectively compared with check treatment (shaded rows). Cultivated grapevine seedlings in soil solarized followed by high dose application of any of Furadan ® 10G, Rugby 60% and Vydate L 24% in the 1 st and 2 nd seasons gave the highest increase (68.3-74.6%) and (79.6-89.9%) in dry weight of shoot and root systems, respectively. Also, the present data showed that treatments with soil solarized followed by low doses of any nematicides showed considerable increases in dry weights of shoot or root systems ranged from 45.9-58.7% in 1 st season and 59.6-72.7% in 2 nd season. Meanwhile, treated grapevine plants cultivated in solarized soil alone in both two successive seasons resulted in the lesser increases (29.4-41.8%) in dry weights of shoot and root systems in comparison with the check treatment (shaded rows). Table, IV; Rf= P f / P i (P i = 1050 J 2 ). Legend as in Table, IV.
IV. DISCUSSION
Present results indicate that three common species of root-knot nematodes; M. arenaria, M. javanica and M.incognita were found infected grapevine grown in all surveyed localities in Alexandria and El-Behera governorates. M. incognita was the most common and occurred with FO of 58.3-90.0%, followed by M. javanica with FO of 25.0-41.7%, whereas M. arenaria was less common with FO of 10.0-19.4%. These results are in agreement with those of other workers [2] , [14] , [17] , [23] , [30] .
Immersion of grapevine seedlings in hot water combined with any of the tested nematicides resulted in great reduction in number of nematode root galls and egg masses/seedling more than treatment with hot water alone compared with untreated seedlings. These findings are in agreement with those of other workers [9] , [24] , [28] . Hot water treatment alone or plus nematicides is an effective technique for controlling different plant pathogens including root-knot nematodes [11] , [26] , [27] . In similar studies, treating bamboo palm in a pot experiment at 50°C for 15 minutes eliminated Radopholus similis [24] and treating garlic at 47.5°C for 15 minutes eliminated M. incognita [28] .
Most recommendations in the literature suggest that solarization be conducted for at least four weeks to achieve sufficient pest or pathogen management [18] , [28] . The upper soil layers under the plastic increase in temperature, causing mortality of a variety of plant pathogens including root-knot nematodes [19] , [20] , [22] .
In the present data treatment with soil solarization in the 1 st season was effective in controlling M. incognita infected grape seedlings. M. incognita control improved further when soil solarization was followed by nematicide applications. Treatment with soil solarization followed by the high doses of the tested nematicides resulted in a significant reduction in M. incognita reproduction on the infected grapevine plants more than treatment with soil solarization either alone or followed by low doses of the same nematicides.
Nematode reproductive factor (Rf) is an indication of nematode multiplication. Results of all treatments showed reductions in Rf values compared with the check treatment (shaded line). Treatments with soil solarized followed by any of the tested nematicides in the 2nd season were had the lesser Rf values in comparisons with that of the same treatments in 1st season or with that of soil solarized alone. These results are in agreement with those of other workers [1] , [20] , [21] , [22] , [25] , [28] .
Our present data indicated that soil solarization alone did not eliminate M. incognita from the soil. Many researchers showed that Meloidogyne spp. are heattolerant and difficult to control by solarization alone. The gelatin of Meloidogyne egg masses protects nematode eggs against desiccation and possibly against high temperatures [12] . Therefore it is important to use solarization treatment with other various treatments e.g. nematicides (granular or liquid formulations) were economically been effective in reducing root-knot nematodes [1] , [25] .
Further work is needed to know the effect of heating in the deeper soil layers to improve the longevity of solarization benefits.
